energy.
Odd-numbered fatty acids such as pentadecanoic acid and heptadecanoic acid are characteristically found in ruminants 4, 5) and fish 6) . Thus, dairy products characteristically contain odd-numbered fatty acids 7, 8) . The odd-numbered fatty acids in ruminants are derived from bacterial flora in the rumen 9) . In contrast, those in fish are derived from an organism, i.e., the amphipod at the bottom of the marine food chain 10, 11) . Therefore, humans can potentially consume high amounts of odd-numbered fatty acids on daily basis 12) . Although the metabolic route of odd-numbered long-chain fatty acids is explained in text books 3) , very little is known about their absorption, distribution, and rate of metabolism. In fact, almost all metabolic studies of odd-numbered fatty acid have been focused on their nutritional value 13) , middle-chain odd-numbered fatty acids [14] [15] [16] , and their biosynthesis in the brain 17, 18) . In the present study, we compared the rates of metabolism of stable isotope-labeled odd-numbered and even-numbered long chain fatty acids.
EXPERIMENTAL

1
Triacylglycerol (TAG) consisting of 13 C-labeled pentadecanoic acid (1-13 C) or heptadecanoic acid (1-13 C) was obtained from Tsukishima Foods Industry Co., Ltd. (Tokyo, Japan). TAG consisting of only 13 C and deuterium (D)-labeled palmitic acid (1-13 C and 2-D 2 ) or stearic acid (1-13 C and 2-D 2 ) was also obtained from Tsukishima Foods Industry Co., Ltd. Other reagents were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Salad oil, a mixture of soybean and canola oil, was bought at a supermarket in Tokyo.
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Four types of labeled TAGs were mixed in equal amounts, and 1.28 g of this TAG mixture was mixed with 2.72 g of salad oil in a 50 mL sample vessel equipped with a screw cap. Distilled water (36 mL) and TritonX-100 (0.2 g) were added to the oil mixture and thoroughly mixed with a tube mixer. The roughly emulsified mixture was then further emulsified using an ultrasonic homogenizer SONIFI-ER 250 (Branson Japan, Kanagawa, Japan).
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All experiments were performed in accordance with the Kochi Women's University Guidelines for Animal Use and Care. Male ICR mice (Slc:ICR; 4 weeks old) were obtained from Japan SLC, Inc. (Shizuoka, Japan). Sample emulsion (1 mL) was administered directly into the stomach by oral gavage via a cannula. The mice were housed in stainless steel wire-mesh cages under a controlled 12-hour light and 12-hour dark cycle at 22 2 and 55 15% relative humidity. The mice had free access to water and were fed via a powder feeder apparatus daily (Roden CAFE, Oriental Yeast Co., Ltd., Tokyo, Japan). Six mice were weighed and killed under diethyl ether anesthesia at either 6, 24, 72, or 120 hours after administration of the sample emulsion and the small intestine epithelium, liver, and epididymal fat were obtained. The organs and tissue were weighed and stored at 75 until use.
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The removed organs and tissue were homogenized with two times the organ/tissue weight of normal saline. The homogenate was placed in a test tube equipped with a screw cap and two volumes of chloroform and methanol mixture (2:1, v/v) was added. The solution was mixed vigorously with a vortex mixer and centrifuged at 3,000 rpm for 10 min. The bottom layer was carefully moved to another test tube with a Pasteur pipette and dried under a nitrogen stream. The dried lipid was weighed. Methyl esterification of the lipid was performed using the following procedure. Approximately 10 mg lipid and 1 mL 0.5 M sodium hydroxide methanol solution (NaOH-MeOH) were mixed in a 10 mL screw-capped tube. A 14% boron trifluoride methanol solution (BF 3 -MeOH; 2 mL) was added to the mixture and heated at 100 for 20 s. The heated tube was cooled to 40 under air and 1 ml hexane was added to the solution. Saturated sodium chloride solution (3 mL) was added to the mixture and mixed vigorously. The tube was left for a few minutes to allow the hexane and water layers to separate. The hexane layer was concentrated and subjected to a gas chromatography flame ionization detector (GC-FID) system (GC14B, Shimadzu, Tokyo, Japan) equipped with a capillary column (Omegawax320, 30 m 0.25 mm ID, Sigma-Aldrich Japan, Tokyo, Japan) and a Chromatopac integrator (C-R6A; Shimadzu) to analyze the fatty acid composition and relative ratio. The temperature of the injection port and detector was 250 and 260 , respectively. The initial column temperature of 175 was increased to 225 at a rate of 1 /min. Helium was used as the carrier gas at a flow rate of 32 cm/s. The fatty acid species was identified using the retention time of a fatty acid methyl ester standard solution (Supelco 37 Component FAME Mix, Sigma-Aldrich Japan, Tokyo, Japan). The relative content of the individual fatty acids were calculated using a GC-FID chromatogram.
The quantification of labeled fatty acids was performed by gas chromatography chemical ionization mass spectrometry (GC-CI-MS; GC: GC17A, Shimadzu, CI-MS: QP5050, Shimadzu). The methyl esterified sample lipid was injected into the GC-CI-MS using splitless mode. The injection port and detector temperature were 250 and 280 , respectively. The initial column temperature was held at 180 for 0.5 min and then ramped up to 200 at a rate of 1.0 /min. The temperature was then increased to 280 at a rate of 1.0 /min and the final temperature was maintained for 10 min. Helium was used as carrier gas at a flow rate of 1.0 mL/min. GC separation was achieved using an HP-5 non-polar capillary column with 0.25 mm thickness (60 m 0.25 mm ID, Agilent Technologies Japan Yokogawa Analytical Systems, Inc., Tokyo, Japan). For chemical CI-MS, methane was used as reactant gas and ionization was performed with 70 eV. Detection of target compounds was performed using a by single + (M+4 + , labeled icosanoic acid). The existing ratio of unlabeled and labeled fatty acids was calculated from the peak area ratio in the chromatogram detected by each target m/z.
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The relative existing ratio of the individual fatty acids was calculated from the GC-FID chromatogram. The relative existing ratio of unlabeled and labeled fatty acids for the respective pairs of fatty acids was also calculated from the GC-CI-MS chromatogram detected by each target ion m/z. The existing amount of labeled fatty acid was calculated by the equation shown below:
where WTF, RER-TFA, RER-LFA, and RER-UFA represent the weight of total lipid extracted from organs or tissue, relative existing ratio of target fatty acids, relative existing ratio of labeled fatty acids, and relative existing ratio of unlabeled fatty acids, respectively. The amounts of each of the four types of fatty acids in the organs or tissues were compared with the rate of migration from the sample emulsion to organs or tissue calculated using the equation [existing amount of respective labeled fatty acids in organs or tissue] / [amount of respective labeled fatty acids in the administered emulsion].
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Statistical analyses were performed using two-factor factorial ANOVA. A Tukey-Kramer post-hoc test was used when the ANOVA revealed significant differences. The difference was considered significant when P was less than 0.05.
RESULTS
The body, small intestine epithelium, liver, and epididymal fat weight per body weight are shown in . The extracted total lipids from small intestine epithelium, liver, and epididymal fat per each organ or tissue weight are summarized in . The relative existing ratio of the fatty acid components of palmitic acid (C16:0), palmitoleic acid (C16:1), heptadecanoic acid (C17:0), stearic acid (C18:0), oleic acid (C18:1), and icosanoic acid (C20:0) in extracted total lipids from small intestine epithelium, liver, and epididymal fat are shown in . The major fatty acids of the extracted lipids were palmitic acid, stearic acid, and oleic acid. There were almost no odd-numbered fatty acids and only minor components existed. Furthermore, only a small amount of stearic acid was characteristically accumulated in epididymal fat.
The changes in the rate of migration of the individual labeled fatty acids in the small intestine epithelium, liver, and epididymal fat are shown in . Significant differences on the accumulated amounts of individual labeled fatty acids were analyzed by two-factor factorial ANOVA and seen in the small intestine epithelium (P<0.01), liver (P<0.01) and epididymal fat (P<0.05). Furthermore, significant differences on the accumulated amounts of the labeled fatty acids at 120 hours in organs and tissue were analyzed by Tukey-Kramer post-hoc test ( ). Odd-numbered long chain fatty acids were more likely to accumulate in the epididymal fat tissue than even-numbered fatty acids.
DISCUSSION
Orally administered fat, namely TAG, is absorbed in the small intestine, incorporated into chylomicrons, and transported into liver via lymph and vascular systems 3) . TAG that accumulates in liver is then transported to organs and tissues in the form of very low density lipoprotein, low density lipoprotein, etc., and the remaining TAG accumulates in adipose tissues. Therefore, small intestine, liver, and adipose tissue are the key organs and tissue involved in TAG transportation. For these reasons, small intestine epithelium, liver, and epididymal fat were selected as the test organs or tissue to examine TAG metabolism in the present study. The classical method of using stable isotopelabeled fatty acids to evaluate the fate of orally administered fatty acids in the animal body is a well established method 19, 20) . Therefore, four types of labeled odd-numbered and even-numbered fatty acids were administered to mice simultaneously to compare the rates of their metabolism. 
Metabolism of Odd-numbered Fatty Acids
The contents of the respective fatty acids in the sample emulsion were the same, therefore different amounts of the labeled fatty acids in the organs and tissues were considered to be due to the different rates of metabolism of each fatty acid. Odd-numbered long chain fatty acids accumulated in the epididymal fat at higher levels compared to evennumbered fatty acids. In contrast, palmitic acid was metabolized at a fairly high speed because almost all of the labeled palmitic acid disappeared immediately in the small intestine epithelium and there was no accumulation in the liver or epididymal fat. Labeled stearic acid also did not accumulate in the epididymal fat, but the rate of stearic acid metabolism in the small intestine and liver was fairly low compared to that of palmitic acid and almost the same as that of heptadecanoic acid. The slow disappearance of these fatty acids in small intestine epithelium and liver might be due to the low absorption rate of these fatty acids from the gastrointestinal tract to the small intestine epithelial cells. The migration rate of pentadecanoic acid and palmitic acid in the small intestine and liver was almost the same. The peak migration rate of these fatty acids in the small intestine epithelium and liver occurred within 6 hours. Pentadecanoic acid, however, accumulated in the epididymal fat. The metabolism of odd-numbered long chain fatty acids has not been well-examined 21, 22) . Wolk et al. focused on the presence of odd-numbered long chain fatty acids in dairy fat and used those fatty acids as a marker of dairy fat intake in humans 22) . They quantified the amount of myristic acid, pentadecanoic acid, and heptadecanoic acid in adipose tissue and the averages were 3.6, 0.36 and 0.25 g/100 g fatty acids, respectively. The intake amounts of these fatty acids were 4.6, 0.23, and 0.16 g/100 g total fat. These results indicate that the rate of metabolism of odd-numbered fatty acids is lower than that of even-numbered fatty acids. Our findings are consistent with their data. Odd-numbered long chain fatty acids are more likely to accumulate in the mammalian body than even-numbered long-chain fatty acids. The accumulation of odd-numbered fatty acids in the epididymal fat gradually increased. One possible reason for the larger accumulation of odd-numbered long-chain fatty acids compared to evennumbered long-chain fatty acids in the epididymal fat is that palmitic acid and stearic acid might disappear due to their elongation and desaturation to form palmitoleic acid, oleic acid, and icosanoic acid. The formation of labeled palmitoleic acid, oleic acid, and icosanoic acid from labeled palmitic acid and stearic acid was not detected in the organs and tissues ( ). TAG consisting of only labeled palmitic acid or stearic acid was administered to mice, but fatty acids formed by elongation and desaturation were not detected (data not shown). It is also possible that, compared to even-numbered long chain fatty acids, odd-numbered long-chain fatty acids are not a favorable substrate for beta-oxidation-related enzymes, such as acyl-CoA syn- thetase and carnitine acyltransferase and therefore tend to accumulate in the epididymal fat in mice 3) . Unfortunately, the rate of beta-oxidation was not analyzed in this study. The finding that stearic acid accumulation was observed at 24 hours and disappeared thereafter ( ) suggests that the stearic acid might be beta-oxidized because desaturated and elongated labeled fatty acids were not detected. In contrast, however, pentadecanoic acid and heptadecanoic acid were present even at 120 hours. These results support the idea that odd-numbered fatty acids might not be favorable substrates for beta-oxidation-related enzymes acids to accumulate them in fat tissue.
In this study, we have shown that odd-numbered fatty acids are more likely to accumulate in the adipose tissue than even-numbered fatty acids. Further studies are required to investigate the mechanism underlying this phenomenon, particularly with respect to the beta-oxidation of odd-numbered fatty acids. 
